TITLE OF THE INVENTION 
DISPLAY DEVICE AND METHOD OF MANUFACTURING THE SAME 
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BACKGROUND OF THE INVENTION 
-Fluid CS Lin Iiiuuilll. 



The present invention relates to a display device^which * 
utilizes j^n^eii^^ electrons into/ a vacuum^ and j more "~ 

particularly, ^to a display device having^high performance andf^ 
high reliability^ whicti oan control the position and the size 



of electron sources^ and, at the same time, can, provont , 
deterioration of/ characteristics of the electron sources 



-a fabrication -mafeh e d thereof 

[nnrrn 

ikptinn m£ the Bala bud AiTL 
As a display device which exhibits fefae high brightness 



and t&Sfe high definition , color cathode ray tubes have been widely 
used conventionally. However, along with the recent*: 



for " fehc high n r quality o ti E A mageio- p f information processing 
^iK**^ c**f*A&* <<\{\<i«,* ,—*y . .| (). ^ r ^ ^ JLgfcy 
20 equipment or television broadcasting, the demand % for planar 

displays (panel displays) which are light in weight and require 

a small space* while/exhibiting -tetec/high brightness and ttw^high 

— definition^ has been increasing. As typical example^, liquid 

crystal display devices , plasma display devices and the like 
^rdU^J fliers 
25 have beenj put into jujuuuLXo e. TFuwthci!^ particularly ¥ as display 
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devices which can roalinc tolno/ higher brightness, it is expected 

that various^ kinds of panel- type display devices^ including a 

display device which utilizes an emission of electrons from 
electron sources into a vacuum (hereinafter/ referred to as "an 
5 electron emission type display device" or "a field emission type 
^ display device " ) and an organic EL display^which is characterized 
t>y low power consumption^ will be put into practice. 

j^srrrr 

Among owoh panel type display devices, ^ as the 
10 above-mentioned field emission type display device, a display 
device having an electron emission structure which was invented ^ 
byC. A. Spindtetal (for example, see TTgT> 0>, "17ff irrpri £ i rntlcm ) , 
a display device having an electron emission structure of a 
metal-insulator-metal (MIM) type, a display device having an 
15 electron emission structure which utilizes an electron emission 
phenomenon based on a quantum theory tunneling effect (also 

fry 

referred to as^ surface conduction type electron source", see 
Japanese Unexamined Patent Publication 2000-21305 , for example) , 
and a display device which utilizes an electron emission 
2 0 phenomenon having a diamond film, a graphite film and carbon 
nanotubes and the like have been known. 
LQQ04] 

Fig- 11 is a cross -sectional view showing one 
o onotitutional example of a known field emission type display 
25 device. Fig. 12(a) and Fig. 12(b) are^^^tegy nj mu showing 
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a nnn - 1 1 tut i ema .^example of an electron source of one pixel and 
a control electrode which controls «sfij|electron emission quantity 
of the electron source in the field emission type display device 
shown in Fig. 11 r~*&raas±a Fiu r rgfcad \} a easae .lun ana Tiy . 
5 t2(b) i& a plan wIlwy. The field emission type display device 
is constituted such thatj^tween inner peripheries of both 4E 
a back panel lOOy whioh £ ojnu s^f ield emission type electron sources 
and control electrodesjon an inner surface thereof, and a face 
panel 200^w hioh inoludeG ^anodes and fluorescent material layers^ 

10 on an inner surface thereof which faces the back panel 100 in 

an opposed manner, a sealing frame 300 is^sealed liy i i 1 Mm 

so as to est a prpwinifg m£ ^an inner space^def ined by the back 
panel 100, the face panel 200 and the sealing frame 300^to a 
value lower than jaa&^external pressure^or to ci-oati. a vacuum iin 

15 the inner space (^hereinafter j referred to |as^ vacuum^) . 

The back panel lOOincludes a plurality of cathode lines 
2. having electron sources^and control electrodes 4. which are 
— * - e cathor -' ~ ' 



layers 3^ one surface of a back substrate 1. which is preferably 
made of g las^ or ceramics. Thfrrr, JLn response to tste^ potential 
dif f^ence^between the cathode line 2 and the control electrode 



4, -aa^emission quantity (including turning on and off i 
emission) of electrons ^emitted from the electron source is 
25 controlled. Further, the face panel 200 includes anodes 7 and 
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fluorescent materials 6j[on one T rice^ of a face substrate 5^made 
of a light transmissive material^ such as glass. The sealing 
frame 300 is fixed to the inner peripheries of the back panel 
100 and the face panel 200 rising an adhesive material* such as 
frit glass. The inside | Whicih - is formed amcing jf the back panel 



100, the face panel 200 and the sealing frame 300 is evacuated 
at a degree of vacuum of 10" 5 to 10" 7 Torr, for example, fl^gap 
between the back panel 100 and the face panel 200 is held by 
gap holding members 9 . 
10 jQQOS L 

The insulating layers 3 are interposed between the cathode 

lines 2^which are formed on the back substrate 1 of the back 

— panel 100^ and the control electrodes 4^ which cross the cathode 
lines 2 and apertures (grid holes) 4a»are formed in respective 



15 crossing portions^ of the control electrodes 4. On the other 
hand, the electron sources 2a are formed on the above-mentioned 
crossing portions^of the cathode lines 2, while the insulating 
layer 3 is removed at portions of the cathode lines 2 which 
correspond to the apertures 4a formed in the control electrodes 

20 4. The apertures 4a allow the electrons emitted from the electron 
sources 2a to pass therethrough to the anode side. 

The above-mentioned electron sources ar^j, for example, 
oonotituted of carbon nanotubes (CNT) # diamond-like carbons 
25 (DLC) or other field emission cathodes. Here, as the electron 
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sources, sources which use carbon nanotubes (hereinafter 
referred to as^CNT") are^ ohown . As shown in Fig. 12(a) and 
Fig. 12(b), the electron source 2a is arranged right below the 
aperture 4a of the control electrode 4. J. Although one electron 
5 source 2a is allocated to each os^ pixel in Fig. 12(a) and Fig. 
12(b),^a plurality of electron sources 2a may bo alluoaLud to 
one pixel. 

Fig. 13(a) and Fig. 13(b) ^r^^pS ^^ ^py vi ews n f n rii splay 

10 device in which a plurality of electron sources are formed per 

one pixel ™ a - 1 ■■■■]» fr-H Tij 1?(a) and Tirj i 1 2 (l i ) _ [ i JliL.LLiiL 

Fig. 13(a) is a oido yj QW an( j Fig . 13(b) jg g pluu new . That 

is. Fig. 13(a) and Fig. 13(b) show^fefae rjnnrtitufaLon which £o3?ffl 

a plurality of small electron sources and small apertures^per 

15 one pixel. Here, a plurality of small apertures 4al to 4aN are 

formed in the control electrode 4 and a plurality of small electron 

sources 2al to 2aN are formed on the cathode line 2 at positions 

corresponding to the respective small apertures . The electrons 

irradiated from the back panel 100 impinge on the fluorescent 

material 6 ^formed on the face panel 200 .which faces the back 

-Am 

panel 100 in an opposed manner. Then, light which responds to7~ 
light emitting property of the fluorescent material 6 is 
irradiated to the outside of the face panel 200 so that the 
^functions as a display device. 
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Fig. 14 is a oCrtiejina Li^cross- sectional view^: 
another com Litojti ii cuml example of a known field emission type 
display device which includes one electron source and one 
aperture per one pixel. Further, Fig. 15 is an enlarged 
5 cross-sectional view of apportion indicated by A in Fig. 14. 
In Fig. 14 and Fig. 15, reference symbol 100 indicates a back 
panel, reference symbol 200 indicates a face panel and reference 
symbol 300 indicates a sealing frame . The back panel 100 includes 
— cathode lines 2 v which have electron sources 2a^and control 

10 electrodes 4^which are provided in an insulated manner faom^the 
cathode lines 2 or an inner surface of the back substrate 1. 
In this example, the control electrodes 4 are held in^a atafee 
that the above-mentioned insulating flayer 3^is not interpose^. 
Further, on an inner surface of otj^face substrate 5 4 which 

15 constitutes the face panel^CTfr, fluorescent materials 6 and 
anodes 7 are formed in the same manner as^the previously-mentioned 
display devices. 
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The control electrode 4 has -^function of controlling * 
emission of electrons (pulling out of electrons) from the 

electron source 2a^ which is arranged on the cathode line 2. 

^ Further, in place of the control electrode 4j'or in addition to 
the control electrode 4, it may be possible to adopt «w A 
constitution in which o ther j(electrode is provided for applying 
2 5 a potential which converges electrons to the fluorescent material 
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6 . Although the fluorescent material 6 is formed on the anodes 
7 in Fig. ^14, tfe^m^ also pti r i g n ffl -rH--M- Tr ^+^^ the 



anode ^covers the fluorescent material 6. Further, tfee5eTalso 
h QKictc thn n o n r rti tnfinn whic i h providaa a light shielding layer 
5 (black matrix) between the neighboring fluorescent materials 
6. The back panel 100 and the face panel 200 are laminated to 
each other by a sealing frame 300 and «/space defined between 
them is sealed in a vacuum. 



10 As shown in Fig. 15, electron sources 2a are formed on* 

cathode lines 2 ^provided tso^the back panel 100. The electron 
source 2a is formed of an electron emitting material which 
efficiently generates electrons in response to an electric field 
applied between the cathode line 2 and the control electrode 

15 4. Withrespect to a conductive material, in general, the sharper 
*||Shape of outside edges thereof which are exposed ii^the electric 

fl ^ JjUfc ^Uil^ exftttrfcJtaB the higher j electron 

emitting performance^. Accordingly, by adopting a fiber- like 
(rod-like) conductive material, it is possible to realize.tte 
20 highly efficient electron emission. As one^of such electron 
emitting materials, the above-mentioned CNT exists. 

txmnr 

When the^ fiber- like conductive material is used as the 
material of the electron sources 2a, it is necessary to fix the 
25 conductive fibers on the cathode lines 2 . Here , Jstoe^explanation^ 
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isjmade with respect to a case in which fefcte^CNT is used as the 
fiber-like conductive material. tte^CNT is an extremely fine 
needle-like carbon compound » |Tn a strict sensefja^ hollow 
substance in which a planar structure cailled graphene^ which is 
formed of carbon atoms arranged in a hexagonal shape, is arranged 

^ OA K 

in a cylindrical shape and is closed andhas a diameter otfpanometer 



s 



cale|. By arranging ^fe^CNT on the cathode line so as to use 
the CNT as ^electron source, it is possible to obtain tfe®^ 
efficient electron emission . In arranging the CNT on the cathode 
line, there has been j known «r method in which an electrode paste^ 
which is formed by mixing the CNT together with a conductive 
filler^ such as silver or nickel^ is applied to the cathode line 
to form an electron source layer* and, thereafter, the electron 
source layer is baked jto be fixed to the cathode line. Here, 
M^publications^which disclose the related art on this type of 
display device/ ^Em*— HHnmjjI'ft, % Japanese Unexamined Patent 
Publication 11-144652 ,y Japanese Unexamined Patent Publication 
2000-323078 and the 111 o n re name d. 



20 SUMMARY OF THE INVENTION 

In the above-mentioned conventional field emission type 

display device, electrons emitted from the electron sourc^2a 

\ 

pass through the apertures 4a and impinge on the fluorescent 
25 material 6 of the anodes 7 and excite the fluorescent material 

8 
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6^to emit light and tee puif uj.u^ a display. Accordingly, the field 

emission type display device provides^feise excellent was Li L u Liun 

which possesses fefee excellent characteristics 1 such as* high ^ 

j3\ 6<^tdb5Jbu 

brightness and high definition^ and p*S3565jfa"planar displa y Xu&U 



which is light -weight |H and requires a small space for 
n ins i23' :L il ion * However, in spite of such en excellent 
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^nnnTtii tntiUf'n, the display device still has drawbacks to be solved. 
That is.^the electrons emitted from the electron source 2a»flow 

into the control electrode 4 K .1 linnuu^ display efficiency i^^il 

lowered. Further, when the control electrode 4 is made of a 
metallic material, it is necessary to^nlvi -a problem escheat 



dissipation^ besides the lowering of^display efficiency. 

****** _» t | 

) y Fui LliL>r > it: is difficult to ensure ibe [^alignment of the 
15 electron source 2a and the aperture 4a corresponding to the 

electron source 2a k and this eventually k t I in the 

above-mentioned lowering of ^display efficiency. Further, <fefe*^ 
CNT is deteriorated and dissipated due to heating during^^d 

. fabrication steps^ and^ hence , a sufficient electron emission 

20 qu ai ^j^T cannot be obtained^ and the formation of tfas^ electron 
source ^ capable of uniformly emitting electrons is difficult. 
In this manna c tha r^l at.m l m i tgjffl gffl Bngfiqam I j_ i i ■ | - 

" V V**® display devicelinto practice ml lttTl.il j, ■ L Liftthese drawbacks 

and the dra^baa i tg jyconstitute^fcaetes to be solved. 



25 [0015] 
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Accordingly, it is an object of the present invention to 

t 

provide a display device A which cm oolvc the above-mentioned 
^ taoko - of tho ro - Lato ^^|\ b ^ nd e an ertrtM^ hlgh- performance^ 



electron emission ^ ulnkumLij ±sfefee and eaa pi?a-».im 

deterioration of icharacteris tics ofjelectron sourcesA and hcnoe , , 
nnn exhibit -Lhc^high reliability and fete/ylong lifetime^. 



To achieve the above-mentioned object , the display device 
according to the present invention is characterized by -fciie^ 
constitution in which a plurality of small electron sources and 
small apertures are provided to^each pixel.and the small electron 
sources include boron (B)^» asd^also is characterized by the 
acquisition of alignment of the small electron sources with the 
small apertures corresponding to the small electron sources, 
by the acquisition of*relative relationship between areas of 
the small electron sources and areas of the small apertures 
corresponding to the small electron sources, and by the 
suppression of the dissipation ofj^CNT caused by heating during* 
fabricating steps. Tn nnumci alu ^ basic constitution! of the 
present invention^ W**y are as follows . 
WTTp 

(1) The display device according to the present invention is 
provided with a back panel which includes a plurality of cathode 
lines, a plurality of electron sources which are arranged on 
the plurality of ru >]s » cLii i u cathode lines, control electrodes 
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which are arranged to face the cathode lines in an opposed manner 
and control an emission quantity of electrons from the electron 
sourcesjand a back substrate which holds the cathode lines, and 
a face panel which includes anodes and fluorescent materials . 
The control electrod^includejf a plurality of small apertures 
which allow electrons emitted from the electron sources to pass 
therethrough to the face panel side atpgions which arcap Datively 



face &m each electron source, and each respective electron 
source is divided into a plurality of small electron sources 
corresponding to the plurality of respective small apertures^, 
and boron (B) is contained in the small electron sources . Boron 
(B) is arranged on control-electrode- side surfaces of the small 
electron sources or on cathode-line-side surfaces of the small 
electron sources. Alternatively, boron (B) may be arranged on 
surfaces of the cathode lines with respect to a plurality of 
small electron sources in common. 
T 004A1 

In this manner, by arranging the small electron sources 
containing boron corresponding to the small apertures formed 
in the control electrode, the inflow of the electrons to the 
control electrode can be reduced.whereby it is possible to obtain 



^display device which has Mr ^excellent electron emission 

characteristic and|pgeywnti Mm deterioration of property of 

electron sources^ ttenc^can exhibit high definition, high 

/\ 

performance and high reliability. Here, the area of the small 
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electron source is sey smaller than the area of the small aperture 
which corresponds to the small electron source. 

Due to such a constitution, the electrons which are 
radiated from the small electron sources pass through the small 



apertures in the anode direction without wasting tfte electrons^ 
andvhence, it is possible to obtain images of high brightness 
wxth low power and, at the same time . a fa awtea-sk uiflheat dissipation 
of the control electrode can be solved. 



10 

(2) The display device according to the present invention is 
provided with a back panel which includes a plurality of cathode 
lines, a plurality of electron sources which are arranged on 
the plurality of smspsa 1 fata cathode lines , control electrodes 
15 which are arranged to face the cathode lines in an opposed manner 
and control an emission quantity of electrons from the electron 
sources^ and a back substrate which holds the cathode lines, and 
a face panel which includes anodes and fluorescent materials. 

The control electrodes include! a plurality of small apertures 

A. 

20 which allow electrons emitted from the electron sources to pass 
therethrough to the face panel side at jpegions thereof which 



rnpnr I ■iiiilj- face tin each electron source, arid each respective 
electron source is divided into a plurality of small electron 
sources corresponding to the plurality of respective small 
25 aperture^, and boron (B) is contained in the small electron 
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sources and the control electrodes . The control electrodes are 
made of a metal material. 

Due to such a constitution, the surfaces of the control 
electrodes are covered with boron ( B )j andj hence , an undesired 
emission (grid emission) of electrons from the surfaces of the 
control electrodes can be suppressed^ and, at the same time, -er 
drawback oiv -the^heat dissipation of the control electrodes can 
be solved. 



10 

(3) Further, the display device according to the present 
invention is provided with a back panel which includes a plurality 
of cathode lines, a plurality of electron sources which are 
arranged on the plurality of :i i»j IHil. cathode lines , control 

15 electrodes which are arranged to face the cathode lines in an 
opposed manner and control an emission quantity of electrons 
from the electron sources^and a back substrate which holds the 
cathode lines, and a face panel which includes anodes and 
fluorescent materials . The control electrodes' include^ a 

20 plurality of small apertures which allow electrons emitted from 
the electron sources to pass therethrough to the face panel side 
at^regions which rnrrpfflct i Tm + iy face Mve each electron sourcejand 
projecting portions which extend to the back substrate side at 
portions which differ from portions which face the cathode lines . 

2 5 Each electron source is divided into a plurality of small electron 
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sources ^corresponding to the plurality of respective small 
aperture^, and -as cumin a distance between top surfaces of the 
small electron sources and bottom surfaces of the small apertures 
as "a" and a distance between inner surfaces of projecting 
portions and a side face of the small electron source closest 
to the inner surfaces of projecting portions as "b", a 
relationship b a 2a is established. One end^ of the projecting 
portions aeejy brought into contact with the back substrate. 



Due to such a constitution, the dielectric strength 
property can be enhanced and the display efficiency is enhanced 
by suppressing the inflow of electrons into the control 
electrodes, the control electrodes can be supported in a 

more stable manner a^being supported by the pro jecting portions . 



(4) The fabrication of the above-mentioned display device 
according to the present invention includes a step Sesjfforming 
a plurality of cathode lines on a back substrate, a stepj^r 
forming a plurality of electron sources to each cathode line, 
a step *^ adhering boron (B) to respective electron sources 
by way of masks^each of which has a plurality of small openings 
corresponding to each electron source, and a step S^jforming 
portions of each electron source which correspond to the small 
openings and to which the boron (B) is adhered into small electron 
sources by heating each electron source. 
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The control electrodes can be used as masks and the 
electron sources «se heated at a temperature of equal to or more 
than 450°C. By preventing the dissipation of the fiber-like 
conductive material^ such as CNT,which constitutes the electron 
source, it is possible to obtain a sufficient electron emission 
quantity. Further, it is possible to constitute the electron 
source which emits the electrons uniformly, and. at the same time 
it is possible to obtain tfefifldisplay device which hardly suffers 
from tfes deterioration of the electron emission characteristic 
and^hence^ enjoys the long lifetime. Further, the alignment 
between the small electron sources and the small apertures is 
ensured^ and^ hence, the display efficiency can be enhanced. 

With the use of this method, the heating operation is 
facilitated^ andj hence , by preventing the dissipation of the 
fiber-like conductive material^ such as CNTj which constitutes 
the electron source, it is possible to obtain a sufficient 
electron emission quantity. Further, it is possible to 
constitute the electron source which emits the electrons 
uniformly^ and, at the same time, it is possible to obtain the 
display device which hardly suffers from Me deterioration of 
the electron emission characteristic and^hence, enjoys «*^long 
lifetime . 




It is needless to say that the present invention is not 
limited to the above-mentioned constitutions and the 
constitutions of embodiments Adescribed later^ and various 
modifications are conceivable without departing from the 
5 technical concept of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a developed perspective view of^ au wgwunLial 



P art f gg eatplaining th a oona fa fcteuliuu of one embodiment of a field 
10 emission type display device according to the present invention . 

Fig- 2 is an enlarged schematic cross -sectional view of 
a ji oooontj - Ql ^part ^in Fig . 1 . 

Fig. 3(a) to Fig. 3(g) are enlarged cross-sectional views 

of *" caca nl iul-jjcu-t r i ' i i i jH ■ 1 1 i n j n | | uu.uuul examples of 

an electron source^flsf the embodiment of the field emission type 
display device according to the present invention. 

: jS^^ayy " ^ ." umlm part of 

a display device ^ cw? omplalning u fabrication in'mtbcifl of the field 

emission type display device according to the present invention . 

£^ 

Fig. 5. is across- sectional view of / am LjjuxiLlal part of 
a display device^fam mrpl n1 ni nij ■ fabrication motteadof the field 



emission type display device according to the present invention . 

Fig. 6 is au uhumu Liu cros s - sectional view ofi an oooanfci - al 
part of a display (fevice^£r ■ ■ i ]. 1 i.i.Imlmj a fabrication H m\m\ 
25 of the field emission type display device according to the present 
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invention. 

F±g - 1\ 1 IAg ro f s ~^ ect ^ onal j ri& \°f/ t ' 11 p ar t of 

a display device ^? ,, mrp * mining a fabrication method of the field 
emission type display device according to the present invention. 

5 Fig. 8 is a cross -sectional view of in poo en I r.tl jj l r VJ 

oicp - laining' thfc cionotitution-pd: another embodiment of the field 
emission type display device according to the present invention . 

Fig . 9 is a^ oohamatie perspective vJ —^frTTT^rplaiiaijujj one 
example of the holding structure for holding a given distance 
10 between a back substrate and a face substrate of the field emission 
type display device according to the present invention. 

Fig . 10 is an equivalent circuifa^frrr-f'irpl.aa.ria.iiij one example 
of a tofeefcag method of A a display device according to the present 



invention. 

Fig. 11 is a cross -sectional — It— ^fnir a iijjljLluiuy a 
cuiiLuLlLuLliJuul example of a conventional field emission type 
display device. . 

Fig. 12(a) ^ and Fig. 12(b) nrn swgtomcfcarg *±ews. of 
nnn-titwLiuRLuL A example|> of an electron emitting source and a 
control electrode for controlling ^electron emission quantity 
in one pixel of ttae^conventional field emission type display 
device . 

Fig. 13(a) ^ and Fig. 13(b) ji riWiTriiiM mi.nu A 

corrnnponfling to TJa i 1 T ( i . i ) .tud Fly ■ lii(L) in which a plurality 
25 of electron sources of the conventional field emission type 
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display device are formed per one pixel. 

Fig. 14 is a^ schomatic cross- sectional viewjiefecacp 
another auiiulji W I. J.uiiul example of conventional field 

emission type display device. 

Fig. 15 is an enlarged cross -sectional view showing a 
portion i i MlJLi'aLu ^ay^A in Fig. 14. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

r n n a n i 

Preferred embodiments of the present inv^^ion| 



explained in detail hereinafter in conjunction with^ drawings 
which show these embodiments . Fig . 1 is a developed perspective 



view showing a . n opfii a nft AaJi pagfe for ojiplaining the e o nafciLuLlun 

<mi one example of ttw^f ield emission type display device according 
to the present invention, wherein parts which are identical with 
the parts shown in the previously-mentioned drawings and parts 
which have fefce identical functions as thtac are^SSttsame"symbols . 



In Fig. 1, rofcrennn n^nntero-J 1 irnlii fitoo .an electron -source -side 



back substrat^ -rofcranee, .symbol 2 indicated cathode linesjwhich 
hold electron sources^ reforonoo aymbul 2a indicaLes electi on 
ooiarooc . The electron sources 2a are arranged on a surface of 
tiie^cathode line 2 at a plurality of positions spaced apart from 
each other with a given interval, and each electron source 2a 
is constituted of i mm i d a of a plurality of small electron sources 
2ah. The plurality of small electron sources 2an are formed 
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on a surface of the cathode line 2jWhich is formed by preliminarily^ 
printing and baking a silver paste in a state tstatt^the small 
electron sources 2an contain silver (Ag) , CNT and boron (B) , 
while the electron source 2a contains /boron (B). 



The small electron sources 2an are formed by amethod A which 
the small electron sources 2an^by baking an Ag-B-CNT paste, 
for example^ or j^a method which separately adheres boron (B) or 
the like. Further, the reference symbol 4 indicates control 
electrodes (metal grids) formed of a metal plate. A plurality 
of control electrodes 4 are arranged in a spaced- apart manner 
at a given interval in tfao ^direction orthogonal toj the cathode 
lines 2 . A plurality of apertures 4 a are formed in and arranged 
on each control electrode 4 at positions corresponding to the 
respective electron sources 2a . Each aperture 4a is constituted 
of a mass of small apertures 4an^ incumber which corresponds 
to the number of the above-mentioned plurality of small electron 
sources 2an. Each small aperture 4an has an area which is 
substantially equal to aa^area of each small electron source 
2 an corresponding ^ to e ach ameill aportuia Ian and they are 
substantially aligned with each other. Further, a 
f ace-panel-5-side surface of <feiw^control electrode 4 is covered 
with a layer containing boron (B) (not shown in the drawing). 

****** .» j> 



Further , "i n ■ ■ jmY\ n ,1 1Y\ riiim! i mi L i _ ^pro j ec t ing 
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portions. and these projecting portions 4b are positioned 

substantiallyjcenter between the apertures 4a an^pro ject toward 

the back substrate 1 side . ^ d^is tal ends of the pro j ecting portions 

A 

4b are adhered to the back substrate 1 /between cathode lines 

5 2 by way of an adhesive agentvsuch as glass frit or the like 

; ILL 

(not shown in the drawing) . fi/\distance between the small 
apertures 4an and the small electron sources 2an is defined by 
the projecting portions 4b and is set to approximately 25^m in 
this embodiment. Further, although the control electrodes 4 
10 may preferably be made of an iron alloy (for example, 42%Ni - 
6%Cr - balance Fe), the material of the control electrodes 4 
is not limited to such a material. 

ttmn 

It is preferable to form the small apertures 4an by etching 
15 from ^viewpoint of accuracy. Further, it is also possible to 
form the projecting portions 4b by etching. Still further, it 
is also possible to simultaneously form the small apertures 4an 
and the projecting portions 4b from both surfaces by etching. 

In the nnn-ti till i r lln embodiment shown in Fig. 1, one pixel 

20 is constituted of a plurality of small electron sources 2an and 
a plurality of small apertures 4an corresponding^ the plurality 
of small electron sources 2an. Further, in the constitution 
shown in Fig. 1, diggoflpQi i l i 5 Mill =5re^ conventional control 
electrodes which are formed by sputtering , the control electrodes 
2 5 4 are formed by machining plate mater ialsjandyience , II 1 1 in 
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an advantageous effect^that the control electrodes 4 can be 
fabricated as separate members. Still further, since the 
f ace-substrate-5-side surface of the control electrode 4 is 
covered with a layer containing boron /(B) (not shown in the 
5 drawing), the control electrode 4 has a discharge preventing 
effect . 

Fig. 2 is a 3 aliiuukrt jjl ^ cross - sectional view showing^m 
jjwnLiiul part of the display device according to the present 
10 invention ^shown in Fig. 1 in an enlarged Iquiu . Parts in the 

^j^^^^^^ WhiCh ai?e identical to the P arts shown in Fig. 1 are 
Wwi|same symbols. In Fig. 2, the respective small electron 
sources 2an are independently arrangediat portions corresponding 
to the small apertures 4an^ on tho oathodo lino - 2 . Surfaces of 

15 the small electron sources 2an and the f ace-panel- 5 -side surface 
of the controjLelectrodes 4 are covered with^layertf 10 containing 
boron (B) . ^distance "a" between top faces 11 of the small 
electron sources 2an an<^bottom surfaces 12 of the small apertures 
4an is defined by the projecting portions 4b of the control 

20 electrode 4. As described above, in this embodiment, the 
distance is set to approximately 25pm. Further, the distance 
w b" between the projecting portion 4b and the small electron 
source 2a closest to the projecting portion 4b is set to a size 



which maintains the relationshipjtfet the distance "b" is twice 
25 or more larger than the distance "a", that is, b a 2a. 
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By maintaining the^ relationship between the distance "a" 
and the distance n b", it is possible to make it difficult for 
an undesired current to flow in the control electrode ^andjhence , 
the display efficiency is enhanced. Further, in this embodiment , 
•aaiarea of the top face 11 of the small electron source 2an is 
setj equal to or smaller than em^opening area of the corresponding 
small aperture 4anjand^hence , the inflow of electrons into the 
control electrode is reduced due to the relative relationship 
between these areas . 
tfflSQ 

Fig. 3(a) to Fig. 3(g) are enlarged cross -sectional views 

• ______ ^£i££^r- 

b ejjjjjmlaill l deb \ Sana I 1 I N laaBaajexamples of small electron sources 

2an BS./the embodiment of the display device according to the 

present invention. Fig. 3(a) shows tli a llluliuutil^example 

of the small electron source shown in Fig. 2*and Fig. 3(b) shows 

tnn ^Bnoti fc uiiuuaJ ^example of the small electron source 2an x which 

£eas»G the layer 10 containing boron (B) » on the 

cathode-line- 2 -side thereof. f The k uuu UAL-uftluuMl- example^ is • 

characterized^^- preliminarily forming the layer 10^ having ttis 

substantially* same area as the small electron source 2an and 

containing boron (B)^at a position on the surface of the cathode 

line 2 where the small electron source 2an is to be formed and 

overlapping the small electron source 2a on the layer 10 so as 

to prevent 43k* dissipation of */f iber-like conductive material^ 
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such as CNT^ which constitutes «i| electron source. 

Fig. 3(c) shows tho oonrt i tn t . ri. on al j[ example of the small 
electron source 2an, wherein the layers 10 containing boron (B) 



are formed onithe front and back surfaces of the small electron 
source 2an. Besides the effect £«!^pr even ting tdsfe dissipation 



of the conductive material^ whichjjis obtained in the same manner 
as the above-mentioned constitutional example shown in Fig. 3(a) 
and Fig. 3(b), this constitutional example also has an 
10 advantageous effect^ that it is possible to facilitate the 



formation of fete*- small electron sources 2an of high accuracy 
by esawacri tinq^ the fabrication method^described later . Fig .3(d) 



to Fig. 3(g) show tiM nnnpte Lii a Liinna.1 examples of the electron 
source 2a in which the layer 10 containing boron (B) is 

15 preliminarily formed on the front surface of the cathode line 
2 and the small electron source 2an is formed on the layer 10. 
Here, the layer 10 containing boron (B) can be formed by mixing 
boron (B) into a paste at the time of forming the cathode line 
2 per se. Fig. 3(e) shows thn Ll rwi ■ L i I- uIIuUulI^ example of the 

20 small electron source 2an, wherein the layer 10 containing boron 
(B) is formed on the front surface and the back surface of the 
small electron source 2an^aa»d also has an advantageous effect 
substantially equal to the advantageous effect obtained by the 
g renoteLtutioftal example of the small electron source 2an shown 

25 in Fig. 3(c) . Further, the I I, ii Liu liuual example of the small 
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electron source 2an shown in Fig. 3(f) can also hm,r« ai^advantage 



that the conductive material dissipation prevention effect can 
be further enhanced by encasing the conductive material with 
the layer 10. 



In the same manner , according to the ted tewtei wmaA example 

of the small electron source 2an shown in Fig. 3(g) , by encasing 
the conductive material with the layer 10 containing boron (B) 
and by mixing the conductive material and boron (B) , it is possible 
to hmvw un^advantage that the conductive material dissipation 
prevention effect can be further enhanced. Due to the 
above-mentioned constitutions shown in Fig. 3(a) to Fig. 3(g) , 
it is possible to prevent the dissipation of the fiber-like 
conductive material^such as CNT^ which constitutes the electron 
sourcejandyience, it is possible to obtain a sufficient electron 
emission quantity and t±x& uniform emission of electrons -e«*> 

' 

furthermore , the deterioration of the electron discharge 
A 

property can be prevented. 




Fig. 4 to Fig. 7 are cross - sectional views^ 
part of the display device 
of the field emission type display device according to the present 
invention. First of all, as shown in Fig. 4, the cathode lines 
2 are formed on the back substrate llfuiam^ of a glass plate 



. yyj- wj-iuuu \j±. a yxao o ]Jia Lti j 

by applying a silver (Ag) paste to the back substrate 1 and by 
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baking the silver paste. Thereafter, a paste for electron 
sources made of a material containing CNT and conductive fillers^ 
such as silver (Ag) or the like^is printed on the cathode lines 
2 and is heated at a temperature in a range of 300 to 350°C so 
as to decompose^organic binders in the paste for electron sources^ 
thus forming an electron source layer 13. 



Although the above-mentioned heating is not indispensable 

to obtain the- K remarkable boron (B) adhering effect in the 

10 succeeding step, it is desirable to decompose and eliminate the 

organic binders which cover the surface of the cathode lines 

2 . Further , in this step , it is also possible to form the electron 

source layer 13 by printing a paste which contains only CNT. 

f^Next, as shown in Fig. 5, the control electrodes 4 are set over 

15 the back substrate l^as masks. That is, the control electrodes 

4 are set such that a plurality of small apertures 4ani formed 

— in fctoejcontrol electrode 4 face the electron source layer 13. 

y 

and the distal ends of the projecting portions 4b are brought 
into contact with the surface of the back substrate 1 



20 ^hereafter, both «C the control electrodes 4 and the back 
K 

substrate 1 are temporarily fixed to each other. -* — > 

infnq] 

e^-in this step, after positioning both of the 



control electrodes 4 and the back substrate 1, both <rf ttim may 
25 be fixed to each other by heating them at a temperature in a 
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range of approximately 400°C to 450°C. Although the oxidation 
and dissipation of CN^ start due to the coexistence with metal 
at the above-mentioned heating temperature of equal to or more 
than 450°C # since the fixing time using -frit glass is completed 
5 within approximately 10 minutes, the deterioration of the 
— electron emission characteristic isssf^a trace amount^ which can 
be substantially ignored. To obviate the deterioration of the 
electron emission characteristic such that no practical problem 
arises, it is possible to perform fixing of both of the control 
10 electrodes 4 and the back substrate 1 in a non-oxidizing 
atmospherejsuch as a nitrogen atmosphere . Further , in this step , 
it is also possible to use other masks in place of the control 
electrodes 4. It is also effective to use exclusive-use masks 
by taking mass productivity into consideration. 
15 [0 0 40-J 

On the other hand, the use of the control electrodes 4^ 
which are incorporated into the product as mentioned previously^ 
has the characteristic that the alignment of the small apertures 
and the small electron sources corresponding to the small 
20 apertures, that is, the coaxial property or the alignment of 4 



areas, x shapes of the small apertures and the small electron 
sources corresponding to the small apertures^ is facilitated. 
Subsequently, as shown in Fig. 6, boron (B) is scattered from 
a vapor deposition source 14. The scattered boron (B) material 
25 14a passes through the above-mentioned f ace-substrate-5-side 
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surface of the control electrode 4 and the small apertures 4an 
and is adhered to respective surface portions of the electron 
source layer 13^whichj,become the small electron sources 2an ) and 
forms the layer 10 containing boron on these surf aces^ & method 
for scattering boron (B) may be a conventionally known method. 
Further, it is not always necessary that boron is adhered in 
a single f ormjandpiay be adhered in various forms including boron 
oxide and boric acid. Further, it is unnecessary to remove 
impurities contained at the time of adhering^ provided that the 
impurities do not remarkably impede the electron emission per 
se from the CNT. 

Then, the above-mentioned structure is heated at a 
temperature of 450°C for 30 to 60 minutes. Due to this heat 
treatment, the CNT in the remaining portions of the electron 
source layer 13^ excluding the small-electron-source-2an 
portions which are covered with the layer 10 containing boron^ 
are removed. That is, the small -electron- source -2an portions 
of the electron source layer 13^ which are covered with the layer 
10 containing boron^ suppress the oxidation of the CNT as the 
adhered boron per se is oxidized to form the boron oxide and 
form protective layers for the CNTjandj hence ,. the CNT remains. 
However, with respect to the peripheries of the electron source 
layer 13 which are not covered with the boron layer 10, the CNT 
in the whole layer or the CNT excluding the conductive fillers 
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is dissipated by heating^andjlience , the columnar small electron 
sources 2an are f ormedjas shown in Fig . 7 . Further , boron adhered 

to the control electrodes 4 is fixedly adhered to such portions . 

2^ 

Here, Fig. 7 shows -bfes^ constitution in which the conductive 
fillers remain in the peripheries of the small electron sources 
2an. 

Here, the heating temperature may be determined by taking 
the composition of the electron source layer 13 and the like 
into consideration. However, since no restriction is imposed 
on the heating temperature during the fabrication steps even 
when the heating temperature is 450°C or more, it is possible 
to sufficiently maintain the desired electron emission 
efficiency. Further, the CNT which is protected by boron j|once 
exhibits the protection effect even with respect to the 
additional heating under atmosphere^ which follows thereafter. 
Even when the heating is performed under atmosphere^ again at 
a temperature of 450°C or more, the CNT exists in ttwyf iber form. 



Further, the deterioration of the electron emission 
characteristic can be obviated. This implies that the CNT 
exhibits istee^y resistance not only in the baking process of the 
printing paste^but also in the succeeding heating process of 
the manufacturing s tepsjandjhence , a yield rate in the fabrication 
of panels and the reliability of products can be remarkably 
enhanced , and the lifetime of the display device can be prolonged . 
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j^the above-mentioned fabrication method, it is 

possible to selectively adhere the layer 10 containing boron 

<ru-Vy «y 

to the control electrodes 4 at desired .positions waetefej^desired 
area by way of the masks. Further, by combining the CNT oxidation 
suppression action which boron has with the above selective 
adhesion of layer 10, due to their coupled effect, it is possible 
to attain «tba* self -alignment of the small apertures 4an and the 
small electron sources 2a^and, at the same time, it is possible 
to adopt the desired heating temperature in the fabrication steps , 
whereby it is possible to obtain ^fetoe excellent advantageous 
effects^such as the acquisition of accurate alignment of the 
small apertures 4an and the small electron sources 2an. the 
acquisition of ^ high electron emission efficiency, and ***e^ 
reduction of the inflow of undesired electrons into the control 
electrodes. Further, with the use of the control electrodes 
4 as tfae masks, not to mention the acquisition of accurate 
alignment . the control of areas of the small electrons sources 
2an is further facilitated. 

Fig. 8 is a s c homa-teic j^cross - sectional view of a portion 
of another embodiment of the field emission type display device 
according to the present j mrpnfi ^.^^^^ n | r to thQ r ^ rtl?n 
shown in Fig. 2. The oonotiVuLi rrn^ shown in Fig. 8 is 
characterized by r> flue in the number of projecting portions 4b 
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compared to the constitution shown in Fig. 2. In this embodiment , 
the control electrode 4 is formeo^l jE - | rinir rp over every two 
cathode lines 2 . Also in this constitution, in the same manner 
as the constitution shown in Fig. 2, ^distance "a" between the 
top faces 11 of the small electron sources 2an and the bottom 
faces 12 of the small apertures 4an is defined by the projecting 
portions 4b of the control electrodes 4 and isiset to approximately 
25nm &£*k> in this embodiment in the same manner as described 
above. Further, the distance "b" between the projecting 
portions 4b and the small electron source 2an closest to the 
projecting portions 4b is set to a size which maintains the 
relationship the distance "b" is twice or more greater than 

the distance "a", that is, b ^ 2a. By maintaining this 
relationship between the distance "b" and the distance "a", the 
flow of an undesired current into the control electrodes 4 becomes 
difficulty and. hence, the display efficiency is enhanced. 
Further, although the projecting portions 4b are formed such 
tnat ^ e control electrode 4 J s*r**es over every' two cathode lines 
2 ina*jpxampleshowninFig. 8, by forming the pro jecting portions 
4b such that the control electrode 4 li s%ridu> J over three cathode 



lines of three primary colors of red (R). green (G) and blue 
(B) for display, it is possible to i :jijjul,L LtTL^ reduction of^color 
difference . 

Fig. 9 is a oohemat±c ^perspective vJ "^-x^Trii i 1 1 i n i 1 1 j one 



30 



1 



example of the holding structure f or -fecdaSteBgi a given distance 
between the back substrate 1 ^arranged at the electron source 
side of the display device of the present invention and the face 
substrate 5^arranged at the fluorescent face side of the display 
5 device of the present invention. Between the 

electron-source- side back substrate 1 on which the 
above-mentioned cathode lines 2 , electron sources 2a and control 
electrodes 4 are formed and the fluorescent -face-side face 

substrate 5, partition walls (or spacers) 9 are interposed^ and^ 

10 peripheries of both substrates 1, 5 are sealed by a frame glass 
( not shown in the drawing ) and glass frit ( not shown in the drawing ) . 
This sealing is performed in the atmosphere at a temperature 
of 430°C. Thereafter, ^space defined between both substrates 
1 , 5 is evacuated and is sealed in vacuum while heating the holding 
15 structure at a temperature of 350°C. 
T ■•".lib J 

Fig. 10 is an equivalent circuit iToi; o-npluinlttg one example 
of a dri jiii 3 method of £he display device according to the present 
Invention. In this display device, n p*— cagf cathode lines 
20 (electron source lines) 2yrtiich extend in the y direction^ are 
juxtaposed in the x direction. Further, m piim u£ control 
electrodes (metal grids) 4^ which extend in the x direct ioiij are 
juxtaposed in the y direction^ thus constituting a matrix of m 
rows and n columns together with the cathode lines 2. On 



25 Pftrfphr T^ eej|of the electron-source-side back substrate which 
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constitutes the display device, a scanning circuit 60 and a video 
signal circuit 50 are arranged. Respective control electrodes 
4 are connected with the scanning circuit 60 at control electrode 
terminals 40 (Yl, Y2, ... Ym) . Respective cathode lines 2 are 
connected with the video signal circuit 50 at cathode terminals 
20 (XI, X2, ... Xn). 

from 7 } 

For every pixelj| arranged at each one of;crossing portions 
of the cathode lines 2 anA^s control electrodes 4 which are 
arranged in a matrix array, tbe^electron source which is formed 
of a mass of a plurality of small electron sources containing 
boron npplainod iii ^the above-mentioned embodiment i r pi im,i iili n 
In the drawing, R, G, B respectively indicate monochromatic 
pixels of red (R) , green (G) and blue (Breach of which constitutes 
one pixel of each color . These respective monochromatic pixels 
emit lightg corresponding to ^ respective colors from the 
fluorescent materials . To the scanning circuit 60 and the video 
signal circuit 50, various signals for display'are supplied from 
a host computer(not shown in the drawing). Synchronizing signals 
61 are also inputted to the scanning circuit 60. The scanning 
circuit 60 selects the row of the matrix of the control electrodes 
4 through the control electrode terminals 40 and applies scanning 
signal voltages to the control electrodes 4. 

On the other hand, video signals 51 are inputted to the 
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video signal circuit 50 . The video signal circuit 50 is connected 

to the cathode lines 2 through the cathode terminals 20 (XI, 
it 

X2, ... Xn)j and ^selects the column of the matrix and applies 
voltages corresponding to the video signals 51 to the selected 
cathode lines 2. Accordingly, given pixels which are 
sequentially selected by the control electrodes 4 and the cathode 
lines 2 emit lightfl/ in given colors i thus displaying 
two-dimensional images . With the use ofj-tefee display device which 



uses fcte CNT according to this constitutional embodiment as the 
electron source, it is possible to realize tirs^ bright display 
device. which is operated with a relatively low voltage at high 

efficiency^ and ^ tpp i i ■ m I l*e display irregularities^. 1 

tin 4 n 2 

Here, although the j^ oHplanation m a de uaiing the j CNT 

(multi-wall CNT and Single-wall CNT, carbon nanotubes in a broad 
meaning) as the electron emission material injilln ■ml i I lin | l 
the present invention, ^any materialman obtain a similar 
advantageous effect as the electron irradiation material 
provided that the material is^inorganic carbon material. As 
ttoe^ inorganic carbon material other than tefaa-CNT, for example. 



diamond, diamond-like carbon, graphite ^amorphous carbon can 
be used. Alternatively, a mixture of these materials^ can be 
ai©o used as the electron irradiation material. Further, it 
is needless to say that the present invention is not limited 
to the constitutions of the above-mentioned embodiments and^ 
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various modifications can be made within the scope of the 
technical concept of the present invention. 

As has been described heretofore , according to the typical 

embodiment of the p resent invention, Kthe display device. 

nnnqtltutaa one pixel^by combining ttai plurality of small 

apertures and ^plurality of small electron sources . Due to 

such a constitution, 4te small electron sources having tte^ 

desired area can be formed in -S» given regions; andj hence, the 

inflow of electrons to the control electrodes can be reduced 

) 

and, at the same time, ^alignment of the small electron sources 

and the small apertures can be easily^anquirod. Further, the 

present invention can also exhibit other advantageous effects. 

2^ J 
such as the acquisition of fcfc^high -performance electron emission 

&JL . 
characteristic, A the prevention of -fcta» deterioration of j£ 

characteristics of the electron sources^ whereby t=toe A display 
device of high definition , high performance and high reliability 
can be realized. 

Further, the heat resistance of the carbon nanotubes can 
be enhanced} andj hence, it is possible to elevate the heating 
temperature in the electron source baking step and the substrate 
sealing step in the fabrication process to t^given high 
temperature^whereby it is possible to realize ^display device 
having Ktfee long lifetime^ which exhibitsfhigh-perf ormance 
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electron emission characteristic and /yoga pa-ejuoau—wae 

deterioration of ^characteristics of the electron source^. 



[0052} 



Further, it is possible to use .a general-use heating 

furnace (or a baking furnace) in the heating step of the 

fabrication process^ and this contributes to fei^f reduction of A- 

fabrication cost. Further, by also adopting heating or baking 

in a non- oxidizing atmosphere in combination, the uniformity 

of the electron emission can be further enhanced, whereby it is 

Q± ) 
possible to provide isfee^ display device of high quality. 
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